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Abstract ; The experiment was originally aimed to get an understanding of the sclf rccovciy microwave receiver (eoherei) designed by 
Sir J C Bose in 1894, It is now well-understood that the simple soft touching inct^-rnetal contact ceiiainly worked as an M O M diode with an inbuilt 
L-C R circuit. In this work, thin polycrystallinc film of anodic ZnO was deposited on mctullic Zn pellets Impending on the condition of anodization 
N-type (white) or P-type (black) coloured oxides could be deposited. The barrier heights were found to be mdependant of the work functions of the 
contacting metal probes indicating the presence of a large number of interface states The L C >R behaviour was also analysed Here, the actual 
current values could be divided into inductive and capacitative contributions by trial and erroi method (simulation) The slow changes of L and C when 
subjected to 1 volt A C. input by using a direct reading L-C R meter were recorded and it was found that the L C product remained more or less 
unchanged
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J. Introduction
E arly  d e te c to r  o f  e le c tro m a g n e tic  w a v e s  w as  m a d e  b y  H . H e rtz  
in 1887. L a te r  on  S ir  O . L o d g e  f I ] u se d  m e ta ll ic  filin g s  o f  iro n  o r 
n icke l in a  g la s s  c y lin d e r  p re s s e d  lo o s e ly  by  tw o  m e ta l p is to n s  
fro m  w h ic h  tw o  e le c t r i c a l  l e a d s  w e re  ta k e n .  A s  s o o n  a s  
e le c tro m a g n e tic  w a v e s  fro m  a  n c re b y  s o u rc e  fe ll on  it, th e  m e ta l 
f i lin g s  p e r m a n e n t ly  s w i tc h e d  o v e r  to  a  lo w  r e s is t a n t  s ta le  
(p ro b ab ly  d u e  to  c o h e r in g  o f  th e  m e ta l f ilin g s ) . T h is  re c e iv e r  
req u ired  to  be  ta p p e d , e i th e r  b y  f in g e rs  o r  e le c tro m a g n e tic  re la y  
sy.stem. In  o rd e r  to  re d u c e  th e  no . o f  p a ra m e te rs  o f  the  ex p e rim en t. 
S ir J. C , B o s e  f 1] u se d  an  iro n  c a t 's  w h is k e r  lig h tly  to u c h in g  a 
c o n v e x  i r o n  s u r f a c e .  T h i s  r e c e i v e r  h a d  a v e r y  n o v e l  
c h a ra c te r is tic s , th a t  it r e q u ire d  n o  la p p in g  to  m a k e  it re a d y  fo r  
the recep tio n  o f  a  n e w  w a v e  a n d  so  it w a s  te n n e d  as  se lf-rc c o v c ry  
co h erer. A b o v e  a ll , w ith  th e  u se  o f  w a v e g u id e  (u n k n o w n  till 
th en ), B o se  s u c c e e d e d  to  d e te c t  m ic ro  w a v e s  fro m  a  so u rc e  ~ 
100 m e tre s  aw a y . I t is  n o w  k n o w n  th a t  th e  d e v ia t io n  fro m  
sto ich io m etry  is th e  o rig in  o f  se m ic o n d u c tin g  p ro p e rtie s  o f  m e ta l- 
o x id es , In  th e  p re s e n t e x p e r im e n t ,  a  th in  la y e r  o f  w h ite  a n o d ic  
Z n O  (N -ty p e )  w a s  u se d . B a r r ie r  h e ig h ts  w e re  d e te rm in e d  by  
usin g  m o d if ie d  C o o p e r ’s m e th o d  (2 , 3 ). In d ic a tio n  o f  d a m p e d  
o sc illa to ry  b e h a v io u r  o f  a  p o ta s s iu m  ~  c a d m iu m  c o n ta c t  w h en  
su b je c te d  to  D .C . v o lta g e  s tre s s e s , w a s  o b s e rv e d  b y  C h a tte r je e  
and  S en  (4 ).
2. Experimental
T h in  f i lm  o f  w h ite  Z n O  w as d e p o s ite d  on  Z n  p la te s  (99.999{ 
p u re )  in  an  a lk a l l in c  h a th  c o n ta in in g  2% N a O H  s o lu tio n , 
an o d iz in g  cu rren t rem a in in g  a b o u t 2 (K) m illi am p eres. T he  dcUiiled 
e x p e r im e n ta l p ro c e d u re  h as  b e e n  d is c u s se d  e ls e w h e re  (3 , 5).
3. Result and discussion
F ig u re s  1 -3  re p re se n t th e  n a tu re  o f  c u r re n t v a r ia tio n  w ith  tim e  
w h e n  th e  c o n ta c t w a s  su b je c te d  to  7 .5  vo lt fo rw a rd  b ia s  at th re e  
a rb i tra ry  p re s su re s , P p  P 2 , P^ re s p e c tiv e ly  (P j >  P 2 >  F^). F ig u re  
4  r e p r e s e n ts  th e  a c tu a l c ir c u it  d ia g r a m  w h ile  th e  p ro p o s e d
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e q u iv a le n t c irc u it is sh o w n  in F ig u re  5. In b o th  th e  f ig u re s , V .S 
a n d  X Y  are  v o lta g e  s o u rc e  a n d  p e n - rc c o rd e r  (o r  m ill i- a m m c tc r)  
c o n n e c tio n s . In F ig u re  5, R  re p re s e n ts  th e  e f f e c tiv e  sp re a d in g
Hgurc 2. Current variation with time
Figure 3. Current variation with time
re s is ta n c e , a n d  D , th e  s in g le -g ra in  S c h o ttk y  ty p e  d io d e  w ith  
n e g lig ib le  b u lk  re s is ta n c e . L  a n d  C  a rc  e q u iv a le n t in d u c ta n c e  
a n d  c a p a c i ta n c e  re s p e c tiv e ly . T h e  o r ig in  o f  L  a n d  C  a re  m o s t 
p ro b a b ly  d u e  to  s lo w  tra p s  o r  tr a p  c lu s te rs  (5 ~  10 ). A  c a p a c ita n c e  
C ' o f  v e ry  h ig h  v a lu e  w ith  t im e  c o n s ta n t o f  few  h o u rs  h a s  to  b e  
in d u c te d  in  th e  c irc u it ,  a s  it h a s  b e e n  o b se rv e d  th a t i f  th e  v o lta g e  
in je c t io n  t im e  p r o lo n g s  to  6  to  1 2  h o u rs ,  th e  f in a l c u r r e n t  
a p p ro a c h e s  n e a r  to  z e ro . B u t d u r in g  th e  f irs t 15 m in u te s  o f  ru n , 
its  e f fe c t is  v e ry  litt le . C '.  m o s t p ro b a b ly  c o m e s  in to  p la y  d u e  to  
lo n g -h o u r  a d s o rp tio n  fro m  a m b ie n t a tm o sp h e re , w h ic h  is th e  so  
c a lle d  'ageing* e f f e c t  c o m m o n  to  u n sm a r t ' s e m ic o n d u c to rs .
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Figure 4. Actual circuit diagram.
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In  F ig u re  6 , t im e  v a r ia tio n s  o f  in d u c ta n c e  a n d  c a p a c ita n c e  
a re  m e a s u re d  b y  a  d ir e c t  r e a d in g  L - C - R  m e te r. T h e  in s tru m en t 
w o rk s  a t 1 v o lt  A .C . in p u t . H e re  th e  ju n c t io n - p r e s s u r e  w as 
a d ju s te d  to  y ie ld  lo w  in d u c ta n c e  a n d  c a p a c i ta n c e ,  so  th a t the 
sp a n  w as w ith in  th e  ra n g e  o f  th e  m e a s u r in g  in s tru m e n t. T he 
f ig u re  is s e l f  e x p la n a to ry . It is n o te w o r th y  th a t L .C  p ro d u c t 
re m a in s  p ra c t ic a l ly  m o re  o r  le s s  c o n s ta n t  d u r in g  th e  ru n . At 
h ig h  fre q u e n c y  ( 1  k ilo  H e rtz ) , L  a n d  C  v a lu e s  u n d e r  th e  iden tical 
ju n c t io n  c o n d it io n s ,  a rc  re d u c e d  d ra s t ic a l ly  to  a b o u t  2 0  m illi 
H e n ry  a n d  2 4  n a n o  F a ra d  re s p e c tiv e ly . T lie  lo w  v a lu e s  o f  L  and 
C  a t h ig h  f re q u e n c y  a rc  m o s t p ro b a b ly  d u e  to  th e  s lu g g ish  na tu re  
o f  s lo w  in te rfa c e  a n d  b u lk  tra p s . T h e  lo s s  fa c to r  D  re m a in e d  at -  
4  d u r in g  th e  ru n s .
Figure 6. Variation of inductance and capacitance with time
Figure 5. Proposed circuit diagram
Figure 7. I-V characteristics
F ig u re  7  rcp re .scn ts  th e  I -  V  c h a ra c te r i s t ic s  n e a r  th e  o r ig in  
(u s in g  a  C a m b r id g e  p e n  r e c o r d e r  p o la ro g ra p h ) . wSince th e  g ra in  
s iz e  ( -  1 m ic ro n )  w a s  a b o u t  1 0  t im e s  la rg e r  th a n  th e  th ic k n e s s  
( ' - .  I m ic ro n )  o f  th e  f i lm , it m a y  b e  a s s u m e d  th a t th e re  a re  a  la rg e  
n u m b e r  o f  s in g le  g ra in s  e x is t in g  a c ro s s  th e  f i lm . T h e  sc a n n in g  
p ro c e s s  m o s t p ro b a b ly  p la c e d  (he  p ro b e -n e e d le  o n  su c h  a  s in g le  
g ra in  ( s in g le  c ry s ta l) .  N o w  th e  1-V c h a ra c te r is t ic s  w e re  ta k e n  
w ith  0 , 1 k ilo  O h m , 2  k i lo  O h m s  p u t in  s c r ie s  w ith  th e  c o n ta c t 
( t ra c e s  A , B , C  r e s p e c tiv e ly ) .  T h e  b a r r ie r  h e ig h t  w h ic h  w as  
m e a s u re d  b y  u s in g  m cx lified  C o o p e r ’s  m e th o d  [ 2 ,3 ,5 ]  w as  fo u n d  
to  b e  -  2 .5  ev. A t h ig h  re v e r s e  v o lta g e s  (n o t d ra w n )  o f  -  1 2  v o lts  
th e  ju n c t io n  s h o w e d  so f t  Z e n e r - ty p e  b re a k d o w n  (1 1 ].
Now to get an idea o f the relative values of inductance and 
capacitance measured under D.C voltage, Figures 1,2,3. arc 
reconsidered. The values o f spreading resistances, measured
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(roin th e  s te a d y  c u r r e n t  v a lu e s  w e re  a b o u t  125, 2 5 0  a n d  2 0 0  
O hm s in  F ig u re s  1 ,2 ,3  re s p e c tiv e ly . D u r in g  th e  tra n s ie n t  p e r io d , 
current f lo w in g  th ro u g h  R  is e x p e c te d  to  fo l lo w  a  fo rm u la  o f  th e
ty p e
/ = /o + /o(e~'^'^-e’'''^”)with
A =  C .R  a n d  A ' =  L / R .
N o w  b y  u s in g  a  c o m p u t e r  p r o g r a m m in g ,  a p p r o x im a te  
n u m erica l v a lu e s  o f  L  a n d  C  c a n  b e  o b ta in e d  b y  u s in g  tr ia l an d  
erro r m e th o d  so  a s  to  s im u la te  o r  m a tc h  th e  a b o v e  e q u a tio n . 
The B an d  C  c u rv e s , fo r  in d u c tiv e  g ro w th  a n d  c a p a c ila tiv e  d e c a y  
of cu rre n t f lo w in g  th ro u g h  L  a n d  C  p a r ts  o f  th e  e q u iv a le n t c irc u it 
(M g u re  5 )  h a v e  b e e n  d ra w n  b y  u s in g  a p p ro p r ia te ly  m a tc h e d  
v a lu es o f  L  a n d  C , th u s  o b ta in e d . T h e  c u rv e  A  is o b ta in e d  by  
a d d in g  B a n d  C . T h e  v a lu e s  o f  L  h a v e  b e e n  c o m p u te d  to  be  
a b o u t0 .3 7 5 x  10‘* ,0 .1 5 x  I 0 ^ a n d 0 .0 9 x  10*'H e n rie s  re sp e c tiv e ly ; 
s im ila rly  c o m p u te d  v a lu e s  o f  C  w e re  a b o u t  0 .4 , 0 .2 4  a n d  0 .3  
F a ra d s  o b ta in e d  fo r  F ig u r e s  1, 2 , 3 r e s p e c tiv e ly .  T h e  c lo s e  
p ro x im ity  o f  th e  c o m p u te d  c u rv e s  w ith  th e  e x p e r im e n ta l  p o in ts  
ju s tif ie s  th e  p re s e n ta t io n  o f  th e  e q u iv a le n t  c irc u it .
4. Conclusion
T h u s, th e  s im p le  M - O - M  d io d e  is a  c o m p le x  c o m b in a tio n  o f  
in d u c ta n c e , c a p a c i ta n c e  a n d  re s is ta n c e  w h o se  v a lu e s  c a n  b e
ad ju .s tcd  by  ju d ic io u s  m a n ip u la t io n  o f  th e  c o n ta c t p o s i t io n  an d  
p re s su re . F u r th e r  re s e a rc h  in  th is  lin e , is  in  p ro g re s s .
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